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The u—ey decay

e The u—ey decay is forbidden in the SM because of the (accidental)
conservation of lepton family numbers

* The introduction of neutrino masses and mixings induces u—>ey
radiatively, but at a negligible level

Gem? /o N . | 1.27Am?
D(p— ey) ~ 19275’; (27r) sin? 20sin” ( Mz )

BR- 107

e All SM extensions enhance the rate through mixing in the high energy
sector of the theory



For instance... predictions

e SUSY SU(5) predictions: LFV induced
by finite slepton mixing through
radiative corrections. The mixing could
be large due to the top-quark mass at a
level of 10-12 10-1§

e SOG0) predicts even larger BR:

e m(t)/m(u) enhancement

e Models with right-handed neutrinos
also predict large BR

e = clear evidence for physics

beyond the SM.

R. Barbieri et al.,Nucl. Phys. B445(1995) 215
J.Hisano et al.,Phys. Lett. B391 (1997) 341

R. Ciafaloni, A. Romanino, A. Strumia, Nucl. Phys.
B458 (1996)

J. Hisano, N. Nomura, Phys. Rev. D59 (1999)
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The umﬁed hlrd generation Yukawa coupling M)



Historical perspective
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Signal and Background

“Signal” “Prompt” “Accidental”
V
vV +
< @ ) e+ / ‘ l/'L/
et + G N S v
W v W — evrry
52.8 MeV _
4 L — evry n— evy eN — eNry
Al B B
LA Prompt -~ ©-1* Pacc Bacc- Ry AEe AE,2 A9 At
A AA
AA A A4
> The accidental background is dominant and it is determined by
E, the experimental resolutions
Fxo./Lab AEe/Ee = AEy/Ey | Atey  ABey Stop rate Duty cyc. BR
p- (%) (%) (ns) (mrad) (sD) (%) (90% CL)
SIN 1977 8.7 0.3 I.4 - § X 105 100 3.6 X 1079
TRIUMF 1977 10 8.7 6.7 - 2 X 105 100 IX IO
LANL 1979 8.8 8 1.9 37 2.4 X 105 6.4 1.7 X 1010
Crystal Box 1986 8 8 1.3 87 4 X 105 6..9) 4.9 X 10
MEGA 1999 1.2 4.5 1.6 17 2.§ X 108 6..7) 1.2 X 101
MEG 20006 0.8 4 0.15 19 2.5 X 107 100 IX 1073
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MEG experimental method

Easy signal selection with p+ at rest

/;\ Oey = 180° . it(())pifneldtl;fgael? of >107 U /sec in a
-— - = >
et M"’ Y e Y detection
Liquid Xenon calorimeter based
Ee = Ey = 52.8 MeV on the scintillation light
- fast: 4 /22/ 45 ns

Lig. Xe Scintillation - hlgh LY ~ 0.8 * NaI

Lig. Xe Scintillation
Detector

——  Detector

- short X _: 2.77 cm

e+ detection

magnetic spectrometer composed
by solenoidal magnet and drift
chambers for momentum

Muon Beam ! \\ Stopping Target \

e*\ Timing Counter
Drift Chamber > \.7 /

7\ ¢

scintillation counters for timing

Drift Chamber

im



Beam line & target ...

nEs beam line at PSI G e S

Optimization of the beam elements: collimator i
 Muon momentum - 29 MeV/c .
* Wien filter for p/e separation Hﬁﬁ K-
* Solenoid to couple beam and P
spectrometer (BTS) L
* Degrader to reduce the momentum
for a 150 Um target
Present results (1.8 mA):
i- Erﬂhﬂmtumﬁﬂh'um
* Ry (total) 1.3*108 Y*/s | | i
* Ry (after Triplet 2) 4*107 Y*/s : AP
y p 9.4*107 { e
* p/e separation 11.8 cm (7.2 O) i q:‘“;;;;
AL s
* Ry (exp. on target) 6.4*107 Y*/s |
* W spot (exp. on target) Oy~0p= 10 mm

L
Wt N Wil f¢



COBRA spectrometer

Constant Ipl track

High pT track

Uniform field M// UMM)\/W&WW\MNUW\K
CoBRa: o o

Constant bending
quick sweep away

TN
— 7\

B
o 2

Non uniform
magnetic field
decreasing
from the
center to the

periphery

Compensation
coil for LXe

calorimeter

B| <50 G






16 chambers radially aligned with 10°intervals
= > * 2 staggered arrays of drift cells

e * 1 signal wire and 2 x 2 vernier cathode strips

" made of 15 Um kapton foils and 0.45 ym

aluminum strips

* Chamber gas: He-C,H; mixture

transverse coordinate (t drift) F < ¢

=

longitudinal coordinate (charge division) == SN

oy =93 +10um
0, =425+ /um
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Measurements at Tokyo University:



Drift chambers

Gas cylinders WS Eléc. rack
* FNN A - :

'Rl source (90Sr) “

3 \ gl

HV cables Drift Chémber Body «
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Read-out cables E

Trigger counter i.\ Micro meter
and movable stage

. Full scale test in November

- Summary of Drift Chamber simulation
oP,/P.=0.7+0.9%

00 . =9+12mrad

ox . =2.1+2.5mm

orig

FWHM
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FWHM (ps)
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Timing Counter

* Two layers of scintillators:
Outer layer, read out by PMTs: timing measurement

Inner layer, read out with APDs at 9o°: z-trigger

* Obtained goal T __- 40 psec (oo ps FWHM)

30°

time

90 cm

75T

8.5°

B

30°

7

1.05T

.| Counter size (cm) =
Exp. application "/ ; Scintillator | PMT | L . (cm) | 0,(meas) | o (exp)
(TxWxL)

G.D.Agostini Ix15x100 NE114 | XP2020( 200 120 60
T. Tanimori Ix20x150 SCSN3§8 | RI1332 180 140 110
T. Sugitate 4x35x100 SCSN23 | RI828 200 50 53
R.T. Gile 5x 10 x 280 BC408 | XP2020( 270 110 137
TOPAZ 4.2 x13 x400 BC412 R1828 300 210 240
R. Stroynowski 2x3x300 SCSN38 | XP2020 | 180 180 420
Belle 4x6x255 BC408 R6680 250 90 143

MEG 4x4x90 BC404 | R5924| 270 38

Best existing TC



The calorimeter

H.V.
E - .. Refrigerator — Signals

v Energy, position, timing L:LLI: i

Cooling pipe %Z/ Lﬁ

Homogeneous 0.8 m® volume of liquid
Xe

- 10 % solid angle

Vacuum
for thermal insulatior

- 05<r<II2cm

= lcosBl < 0.35 lpl < 600

.~ Al'Honeycomb

Only scintillation light

Read by 8§48 PMT

- 2” photo-multiplier tubes

- Maximum coverage FF (6.2 cm cell)
- Immersed in liquid Xe

- Low temperature (165 K)

- Quartz window (175 nm)
Thin entrance wall

Singularly applied HV
Waveform digitizing @2 GHz
- Pileup rejection




Xe properties

Fast

* Tsinglet= 4.2 1S

*Ttriplet= 22 1S

IS T I e

*Trecomb= 45 1S ol S A electr'on
Particle ID I Y N N O A
e 1Y a]phaz 1.2 X LYgamma/e 90 5520 40 0 80 100 120 140

High LY (= Nal)
* 40000 phe/MeV
n = 1.64

7=54, p=2.95 g/cm? (XO=2.7 cm), Rp=4-1 cm
No self-absorption (A Abs=oo)

16



The LXe calorimeter
prototype

* Ar1oo liters, 240 PMTs large prototype was built and exensively tested
to demonstrate the calorimeter performance

e a-sources and LEDs used for PMT calibrations and monitoring

Signal Cables M
Vacuum Pump

v k=2
for Inner Chamber

. - IXenon
HV cables § w w v iT Liquid Nitrogen

‘EIE

Outer vessel

Vacuum Layer
for Thermal Insulation

Gas Xenon

=

Inner Vessel

228 PMTs Liquid Xenon Xenon Level Meter
\ (R6041Q) ]]j
SuUs BV BVaVEaEY v il
Honeycon& i \ | L — Acrylic Filler
i
e/Y beam
— > #
AIum_inum =3 Vacuum Pump
Window for Outer Chamber
S e S .y -
d=a

Aluminum Filler
Aluminum Dummy PMTs

Aluminum Filler

% Copper Heater







[.Xe calorimeter R&D

. [ ] _—— Heat Exchanger
e Energy resolution strongly depends on b ggr
absorption. A long R&D to insure L(Abs)>3 m 1 ¥
with a circulation/purification system 55 N N
* Measurement of energy and timing resolution 2 s, | %
»n ©
with hlgh energy photons: §5 Mey photons AL, (8 o
from pion charge exchange reaction Diaphragm
- ump
S -
ﬂ_—p — 7_‘_On Gas Xe flow
0
T — /yfy 20 Liquid Hydrogen target
Lab Frame 18 Large Prototype
18 Calorimeter Nal crystal Calorimets
14 I ﬂ LH cell
12 Moderator

i
S

M
&
A4
o
AR RARY LAAS AR RARY LAR) RARIRERY

Lead wall

NI R s s
20 40 B0 80 100

photon energy (MeV)

D T T T T T T

Beam Pipe

4

Two tests in 2003 and 2004 demonstrated
the calibration procedure and the
resolutions

19






Resolutions @ 55 MeV

* Select negative pions in the beam
e 65 MeV < E(Nal) < 95 MeV

e Collimator cut (r < 4 cm)

250
225
200
175
150
125
100

72

>0
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MEG calibrations

* Areliable result depend on a constant calibration and monitoring of the
apparatus

e alpha Sources (on wires and wall)
e Proton accelerator Li(p, vi7.6)°Be design under way ||§
e Neutron generator 58Ni(n,79)59Ni

e Charge exchange reaction (Panofsky) 7@ p — 7'n

0

e C(alibration frequency is different 0 — Ay
| T
" 500 keV Cockroft-Walton
2 500 keV RFQ

22




Trigger Electronics

* 100 MHz waveform digitizer on VME boards
that perform online pedestal subtraction

e Uses :

°Y energy

*c+ - Y time coincidence

*e* - Y collinearity
* Built on a FADC-FPGA architecture

* More performing algorithms could be
implemented

* Prototype system has been
successfully tested on the LP

* Design of the final system is in
progress

* qo data
* Charge spectrum
* Only 32 PMT

23

<+ Beam rate 108s’!

< Fast LXe energy sum > 45MeV
2x103 s}

gamma interaction point (PMT of max charge)
e’ hit point in fiming counter

< time correlationy - e* 200 s!

’0

* angular correlationy - e* 20 s

450

400

Trigger board

350 ——  FastBus ALRC

300

250

200

150 =

100 —

50 —
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0 5000 10000 15000 20000 25000 30000

hhhhhh



Readout electronics

2.5 GHz Waveform digitization for all channels

DRS2 Readout

Domino — signal
wave |\ I T T FADC [ FPGA [ VME
sigal | 7YY TV AT

NEEEEREERGRERRERD, -

¥

Domino speed

lllllllllll

control =5 'é "
DRS2 chip (Domino Ring Sampler) : s £
e (Custom sampling Chip designed at PSI - gﬂlllluuulun%:"
* 2.5 GHz sampling speed @ 40 ps timing resolution
* Sampling depth 1024 bins for 8 channels/chip
* Data taken in charge exchange test to study pile-up rejection algorithms
) | (P omsene | et -~
Tﬁ 20 20 ’
.20 hi: a0t o
- “f o
O -5‘3; 0o -m; '5'“;
. AT=-15nsec | AT=-10nsec AT=-5nsec




MEG sensitivity

Computation of the sensitivity based on the measured resolutions

FWHM E, /E, 5 %

FWHM E./E. 0.9 %
Oteny 105 ps
00~ 23 mrad

The resolutions determine the accidental background
For a given background we choose R(w) and running time.

* BG =o0.5events

®* R(w =1.2 107 W/sec

* T=3.5107sec (2 years running time)

e =SES=610"(1.710" muons observed)

NO candidate = BR(u—ey) < 1.2 10 3 @ 90% CL

Unlikely fluctuation (4 events) = BR(u—e¢y) = 2.4 107

25



Summary and Time Scale

* The experiment may provide a clean indication of New Physics or a
strong constrain on SM extensions

e Measurements and detector simulation make us confident that we can
reach the SES of 6 x 104 to p—ey (BR = 1.2 10™)

* Final prototypes af (almost) all subdetectors were measured
* Liquid Xe calorimeter Large Prototype

* Timing counters

* Detector assembly during end 2004/2006 engineering run 2006

Revised

document
Lol Proposal now

| | | |
Planning R&D Assembly| Data Taking

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

http://meg.psi.ch
More details at http://meg.pi.infn.it
http://meg.icepp.s.u-tokyo.ac.jp
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* In the back-to-back raw spectrum we see the correlation
e 83 MeV < 55 MeV

e The 129 MeV line is visible in the Nal because Xe is sensitive to neutrons (9 MeV)

7,
%9}

L.Xe



Calorimeter construction

Built by SIMIC (Italy) on a japanese-italian project

Low magnetic permeability stainless steel

Delivery January 2006 @ PSI
Test of all the >800 PMT5s in Pisa and at PSI




Measurement of abso

* Energy resolution strongly depends
on absorption

* We developed a method to measure
the absorption length with alpha
sources

* We added a purification system
(molecular sieve + gas getter) to
reduce impurities below ppb

< | Jr/ Heat Exchanger
1 ——i%
58 %é S—
g i ks
Teflon\ |2 =
, i Tube)|s - & - -
g | J ) » A ©
. : AL 3 Y
‘ >
Diaphragm
— Pump
_ J

Gas Xe flow
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A, measurement

e It is possible to estimate a lower limit on the xenon absorption length

* 'Typical plots shown

o My >125cm (68% CL) or L, >95cm (95 % CL)

Abs Abs
e LY - 37500 scintillation photons/MeV (0.9 Nal)

Data/MC

2
< 10 x’/ndfazgs ey T
@) F | Constant : 09289:I: 0.2145E-01 1
—_— [ | Slope —0.2497E~01 £ 0.3009E—02 |
‘.-9 : : : : : : : : :
— 5 10 - UUURUTTE SRR UPTUTRE SRR UUURUTUE SRR TP SRR R _
=)
—
| Ll L L 1 Attenuation = Rayleigh
)\Att ~ 40 cm
| @1 5
T % df e L.Y.(liquid) ~ 3 x L.Y .(gas)
| 0; a3 -
T T B B R B —2 1 / | | 5 5 5
10 20 30 40 50 60 105 %?7\} 20 25 30 35 40 45 50
a—PMT distance (cm) Liquid on Gas
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